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® Volumetric withdrawal of fluid. 



© A system for withdrawing a predetermined vol- 
ume of fluid from a patient comprises a filter assem- 
bly which is connected in line for fluid communica- 
tion between an artery and a vein of the patient. A 
pump having a fluid chamber is connected in fluid 
communication with a filtrate port of the filter. Opera- 
tion of the pump causes the withdrawal of fluid from 
the filter and into the pump chamber at a preselec- 
ted volumetric rate. Periodically, the pump is cycled 
to expel the withdrawn fluid from the pump chamber. 
The system further comprises a fluid collection de- 
vice for collecting the expelled fluids and may in- 
clude means for replenishing fluids to the patient. 
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VOLUMETRIC WITHDRAWAL OF FLUID 



This invention relates to volumetric withdrawal . 
of fluid. More particularly, the present invention 
relates to systems and equipment sets used for the 
withdrawal of fluids from a patient. In particular, the 
present invention relates to a system which dis- 
poses of body fluids containing waste products in 
the form of solutes. The present invention is par- 
ticularly, but not exclusively, useful in the health 
care field for continuous arteriovenous hemofiltra- 
tion. 

The need to remove excess fluid or fluid con- 
taining dissolved waste products from selected pa- 
tients have been long recognized. It is well known 
that certain conditions cause the build up of waste 
products within the body's blood system that ne- 
cessitates their removal prior to the onset of further 
complications. Further, it is well known that the 
removal of dissolved waste products from the 
body's blood system can be accomplished through 
at least two well known procedures. These proce- 
dures are hemodialysis and continuous arterioven- 
ous hemofiltration (CAVH). 

The basic difference between hemodialysis 
and CAVH is quite elementary. On the one hand, 
hemodialysis performs selective removal of solutes, 
such as creatinine, blood-urea-nitrogen (BUN) and 
potassium from the blood system. On the other 
hand, CAVH is nonselective in its removal of these 
-solutes from the blood system. More specifically, in 
hemodialysis blood is passed through a filter which 
is surrounded by a dialysate. Through the process 
of diffusion, the solutes dissolved within the blood 
pass through the membrane of the filter and diffuse 
into the dialysate. Thus, with hemodialysis there is 
little, if any, loss of fluid volume during the process. 
Unlike hemodialysis, CAVH operates on the princi- 
ple that the removal of a given volume of fluids 
containing solutes proportionately decreases the 
amount of solutes in the blood system. This re- 
moval, however, obviously requires a fluid volume 
bulk replacement. Though this need for fluid re- 
placement is not disadvantageous, it cannot be 
overlooked in the set up of a CAVH system and 
must be considered in order to maintain proper 
patient fluid balance. 

The present invention is concerned with a 
CAVH type system. As previously implied, such 
systems are well known in the pertinent art and 
have been variously described in the appropriate 
literature. For instance, the article: American Jour- 
nal of Kidney Diseases VI, December 1985, entitled 
Continuous Arteriovenous Hemofiltration in Acute 
Renal Failure, by T.A Golper describes the basic 
elements and functioning of a CAVH system. Nec- 
essary for such a system is the incorporation of a 
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hemofilter for filtering the unwanted solutes from 
the blood. Such a solution of solutes is commonly 
known as ultrafiltrate and it will, therefore, be re- 
ferred to as such herinafter. As described by Dr. 

5 Golper, a CAVH system requires the establishment 
of a blood flow line from an artery of the patient 
through the filter and back into a vein of the pa- 
tient. In accordance with CAVH, as blood passes 
through the filter, the ultrafiltrate is withdrawn from 

70 the filter while the blood continues to flow on 
through the blood flow line to the patient After 
being withdrawn from the filter, the ultrafiltrate is 
passed through a filtrate port for disposal. 

It has been recognized that the volume of 

is ultrafiltrate which is withdrawn from the patient is 
proportional to the amount of solutes which are 
withdrawn from the patient's blood supply system. 
Thus, the volume of withdrawn ultrafiltrate directly 
affects the level of solutes within the patient's 

20 blood system. 

Without artificial assistance, a CAVH system as 
just described must depend on the patient's own 
blood pressure for movement of blood through the 
system. This can give rise to several problems. For 

25 example, at low blood pressures the potential for 
blood clotting within the filter is increased. Further, 
the amount of blood being filtered is reduced. 

Since the ability to control the volumetric rate 
of ultrafiltrate withdrawal will establish an accurate 

30 and effective CAVH system, various means have 
been proposed to accomplish this purpose. Typi- 
cally such means are directly associated with the 
fluid line connecting the filter with a fluid collection 
device. One such means is a simple damp that 

35 operates as disclosed in the article: Journal of 
Critical Care Nurse, July/August 1984, entitled Con- 
tinuous Ultrafiltration : A New ICU Procedure for 
the Treatment of Fluid Overload by Williams et al. 
With a clamp in the ultrafiltrate line leading from 

40 the filter, the volumetric flow rate can be somewhat 
controlled to establish a reasonable approximation 
of the desired volume withdrawn. 

It has also be proposed that an IV peristaltic 
pump be incorporated into the ultrafiltrate line. 

45 Such a combination is disclosed in the article The 
Practical Technical Aspects of Slow Continuous 
Ultrafiltration (SCUS and Continous Arteriovenous 
Hemofiltration (CAVH) by S. Swann et al., as pub- 
lished, in Acute Continujous Renal Replacement 

so Therapy, published by Martinus Nijofff, Boston, 
Dordrecht Lancaster, 1986. A peristaltic pump, 
however, requires head pressure to maintain its 
accuracy. Thus, at low patient blood pressure lev- 
els, volumetric inaccuracies are encountered. Thus, 
neither a clamp nor a linear peristaltic pump in the 
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ultrafiltrate line can provide a routinely reliable sys- 
tem. With either device, the system is still depen- 
dent upon the patient's own blood pressure for its 
operation. 

In light of the above, there is a need for a 
device that can be incorporated into a CAVH sys- 
tem which will provide for the accurate, efficient 
and reliable withdrawal of a predetermined volume 
of ultrafiltrate while operating within a pressure 
range which is compatible with the safety and well 
being of the patient. Also, there is a need for a 
CAVH system which can properly operate under 
artificially induced pressure independently of the 
patients blood pressure. 

The present invention recognizes that such a 
device can be established by a volumetric pump 
which is capable of withdrawing precisely estab- 
lished volumes of ultrafiltrate at a predetermined 
rate. Further, the present invention recognizes that 
such a system can function independently of the 
patient's blood pressure. The present invention 
also recognizes there is a need for an apparatus in 
the ultrafiltrate line which is capable of proper 
operation independently of the head pressure with- 
in the system. The present invention further recog- 
nizes that a system, such as here envisioned, can 
be used for plasmapheresis as well as CAVH and 
that this added feature can be accomplished 
through the proper selection of appropriate filters. 

It is an object of the present invention to pro- 
vide a system for the withdrawal of a predeter- 
mined volume of fluid from a patient which is 
independent of the head pressure in the system. It 
is another object of the present invention to provide 
a fluid withdrawal system which accurately and 
reliably withdraws a predetermined volume of fluid 
at a preselected volumetric rate. Yet another object 
of the present invention is to provide a system for 
the withdrawal of fluids from a patient which is 
easily set up and maintained. Still another object of 
the present invention is to provide a fluid with- 
drawal system which is cost effective and effi- 
ciently operated. 

According to one aspect of this invention there 
is provided a system for volumetric withdrawal of 
fluid from a patient which comprises: 

a filter assembly having a venous port, an 
arterial port and a filtrate port; 

a pump having a fluid chamber of predeter- 
mined volume, said chamber having an inlet and 
an outlet with said inlet connected for fluid commu- 
nication with said filtrate port; and 

control means operatively connected with said 
pump to alternatingly draw fluid from said filter into 
said chamber at a predetermined rate and empty 
fluid from said chamber through said outlet. 

Accordingly to another aspect of this invention 
there is provided a method for withdrawing fluid at 
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a predetermined volumetric rate which comprises 
the steps of: 

(a) establishing a fluid flow route from a first 
conduit to a second conduit which comprises a . 

5 filter assembly having a first port, a second port 
and a filtrate port; 

(b) withdrawing filtered fluid from the filtrate 
port of said filter assembly into a pump having a 
fluid chamber of predetermined volume said cham- 

io ber formed with an inlet and an outlet with said 
inlet in fluid communication with said filtrate port; 
and 

(c) operating a control means connected with 
said pump to alternatingly draw fluid from said filter 

15 into said chamber at a predetermined rate and 
emptying fluid from said chamber through said 
outlet. 

This invention is suitable for use in withdrawing 
blood from a patient; in which case the first conduit 

20 is an artery, the second conduit is a vein, the first 
port is an arterial port and the second port is a 
venous port. 

A preferred embodiment of the system for 
volumetric withdrawal of fluids from a patient in- 

25 eludes a filter assembly which has an arterial port 
in fluid communication with an artery of the patient. 
Further, the filter assembly of this embodiment 
includes a venous port which is in fluid commu- 
nication with a vein of the patient and a filtrate port 

30 which is connected in fluid communication with a 
volumetric pump. 

In this embodiment, operation of the volumetric 
pump causes ultrafiltrate fluid to be withdrawn from 
the filter assembly and into the pump chamber at a 

35 predetermined rate. Also, in this embodiment valve 
means within the pump allows for alternatingly 
withdrawing ultrafiltrate from the filter and emptying 
the ultrafiltrate from the pump's fluid chamber into 
a fluid collection device. Further, in this embodi- 

40 ment, electronic programmable means associated 
with the pump causes the empty cycle to be done 
at a rate which is much higher than that for the 
withdrawal of ultrafiltrate fluid from the patient. 

The fluid volumetric withdrawal system may 

45 also include fluid sources appropriately attached to 
the arterial line or the venous line to permit fluid 
volume bulk replacement for the patient. Further, 
the system may permit substitution of the hemofil- 
ter with a plasmapheresis filter. 

so Reference is now made to the accompanying 

drawings, in which:- 

Figure 1 is a schematic view of the volu- 
metric fluid withdrawal system in an operational 
environment; 

55 Figure 2 is a side view of the filter with 

portions broken away and shown in cross-section 
for clarity; 
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Figure 3 is a cross-sectional view of the 
pumping mechanism of a volumetric pump oriented 
for withdrawing fluids from the filter: and 

Figure 4 is a cross-sectional view of the 
pumping mechanism of a volumetric pump oriented 
for expelling fluids to a fluid collection device. 

Referring initially to Figure 1. it can be seen 
that the fluid volumetric withdrawal system of the 
present invention, generally designated 10, in- 
cludes a filter 12. For purposes of the present 
invention, filter 12 may be either a hemofilter or a 
plasmapheresis filter depending upon the particular 
desires and needs of the operator. It will be under- 
stood by the skilled artesan that the distinction 
between a hemofilter and plasmapheresis filter lies 
in the size of pores which are incorporated into the 
filtering material. As shown in Figure 1. filter 12 is 
formed with an arterial port 14 which is connected 
in fluid communication with arterial line 16. Arterial 
line 16 is connected directly from filter 12 into an 
artery of the patient 18. Thus, fluid coursing 
through the patient's body 18 enters arterial line 16 
and passes therethrough to the filter 12. 

Filter 12 also includes a venous port 20 which 
is connectable in fluid communication with a ve- 
nous line 22. As shown, venous line 22 is con- 
nected directly from filter 12 into a vein of the 
patient 18. Filter 12 further includes a filtrate port 
24 which is connected to a filtrate line 26 that 
establishes fluid communication betwen the filter 
12 and IV pump 28. 

Still referring to Figure 1, it can be seen that 
pump 28 is formed with an inlet 30 and an outlet 
32. A valve 34 having a passageway 36 formed 
therethrough is rotatably mounted on pump 28 to 
alternatingly establish fluid communication between 
chamber 38 of pump 28 and either inlet 30 or 
outlet 32. As will be appreciated by the skilled 
artesan, the operation of system 10 is dependent 
upon the movement of plunger 40 within chamber 
38 as caused by the reciprocal action of piston 42. 
Figure 1 also shows that filtrate line 26 is continued 
from pump 28, through outlet 32, and terminates 
with its connection to a fluid collection device 44. 
The exact operation of system 10 is accomplished 
in a manner to be subsequently described in detail. 

.Referring now to Figure 2, a more detailed 
description of the components included in the filter 
12 can be appreciated. As shown in Figure 2, filter 
12 includes a housing 46 which is generally formed 
as a hollow cylinder. An end cap 48 which includes 
arterial port 14 covers one end of housing 46. At 
the end of housing 46, opposite end cap 48. is a 
similar end cap 50 which includes venous port 20. 
Contained within housing 46 of filter 12 between 
ends caps 48 and 50 is a fiber bundle 52. It will be 
appreciated by the skilled artesan that fiber bundle 
52 includes a plurality of hollow tubular shaped 
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fibers and that the pore sizes in the walls of the 
hollow fibers which comprise the fiber bundle 52 
can be varied during manufacture. Thus, fiber bun- 
dle 52 can be selected with various sieving capabil- 

s ities depending on the particular use intended for 
system 10. As shown in Figure 2, fiber bundle 52 is 
held within housing 46 by potting compound 54 
and potting compound 56 included at the respec- 
tive ends of fiber bundle 52. 

10 A detailed description of a filter such as filter 

12 is provided in an article entitled Mass Transfer 
and Arterial Venous Hemofiltration by M.J. Lysaght 
et al., as published in Arterial Venous Hemofil- 
tration published by Spriger-Verlag, Berlin, Heidel- 

75 berg 1985. 

Returning now to Figure 1, it can be seen that 
system 10 can incorporate additional elements. 
Specifically, in Figure 1, a fluid source 58 is shown 
connected in fluid communication with venous line 

20 22. Fluid from source 58 can be infused to patient 
18 for the purpose of providing fluid volume bulk 
replacement As is well understood by the skilled 
artesan, fluid volume bulk replacement is neces- 
sary in a CAVH system to maintain proper fluid 

25 level for the patient. Although fluid source 58 is 
shown connected to venous line 22 for postdilution 
of the filtered blood, it is to be understood that a 
predilution is possible in a system wherein a fluid 
course (not shown) is connected in fluid commu- 

30 nication with arterial line 16. Either configuration is 
efficacious for the intended purpose, it is also 
shown in Figure 1 that a pump 60 may be incor- 
porated into the system to infuse an anticoagulant, 
such as heparin, for the purpose of preventing 

35 blood clotting at filter 12. 

This invention will now be described in opera- 
tion. 

In the operation of the present invention, it will 
be appreciated by reference to Figure 1, that filter 

40 12 is connected in fluid communication with an 
artery of patient 18 via arterial line 16. Also filter 12 
is connected to a vein of patient 18 via venous line 
22. As blood passes through arterial line 16 and 
into filter 12, it comes into contact with fiber bundle 

45 52. It will be understood by the skilled artesan that 
as blood passes through fiber bundle 52 that an 
ultrafiltrate, containing solutes such as creatinine, 
BUN and potassium, passes through the pores and 
membranes (not shown) of fiber bundle 52 and 

so collects within housing 46. This ultrafiltrate solution 
eventually passes out of filter 12 via filtrate port 24. 
While ultrafiltrate is being collected in the housing 
42, the filtered blood continues to pass through 
fiber bundle 52 and exits from filter 12 via venous 

55 port 20 from which it passes through venous line 
22 and back to patient 18. 

The mechanism for evacuating ultrafiltrate from 
filter 12 can be best seen with reference to Figures 

4 
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3 and 4 where the actual operation of pump 28 can 
be best understood. In Figure 3 pump 28 is shown 
with valve 34 positioned to establish fluid commu- 
nication between filtrate line 26 and chamber 38. 
Thus, with valve 34 in this position, as piston 42 is 
reciprocally moved to displace plunger 40 in a 
direction indicated by arrows 62, ultrafiltrate will be 
drawn from filter 12 and into the chamber 38 via 
inlet 30. Once a predetermined volume of ultrafil- 
trate has been collected within chamber 38. valve 
34 is rotated to a position as shown in Figure 4. 
When valve 34 is positioned as shown in Figure 4, 
passageway 36 establishes fluid communication 
between chamebr 38 and outlet 32 and an ad- 
vancement of plunger 40 into chamber 38 by ac- 
tuating of piston 42 in a direction indicated by 
arrows 64 causes the ultrafiltrate that had been 
collected in chamber 38 to be expelled out of outlet 
32. In the manner just described, valve 34 can be 
alternatingly moved between its position in Figure 3 
to its position as shown in Figure 4 to sequentially 
draw ultrafiltrate from filter 12 and then expel the 
collected ultrafiltrate via outlet 32 through a line to 
fluid collection device 44. 

As intended by the present invention, the pump 
28 is electronically controlled in a manner which 
provides for a relatively slow drawing of ultrafiltrate 
from filter 12. Thus, the filling cycle for chamber 38 
is accomplished over a relatively extended period 
of time. On the other hand, the expulsion of ultrafil- 
trate from chamber 38 and into fluid collection 
device 44 is accomplished within a relatively short 
period of time. This is done to allow for as con- 
tinous a withdrawal process of ultrafiltrate from filter 
12 as can be possible. It will be understood by the 
skilled artesan that although the IV infusion pump 
described in U.S. Patent No. 3,985,133 to Jenkins 
is suitable for use with the present invention it must 
be modified to operate on a cycle which is essen- 
tially the reverse of the cyling requirements needed 
for the proper operation of the system 10. Specifi- 
cally, under a normally described IV volumetric 
infusion pump operation, as disclosed in the Jen- 
kins patent, the fill cycle is accomplished in a 
relatively short period of time and the expulsion or 
infusion cycle is accomplished over an extended 
period of time. Again, these cycles must be re- 
versed for the present invention to provide for a 
slow fill cycle and a rapid empty cycle. Thus, in 
accordance with the present invention, this cycling 
sequence is intended to accomplish a substantially 
continuous withdrawal of ultrafiltrate from filter 12. 



Claims 

1. A system for volumetric withdrawal of fluid 
from a patient which comprises: 

5 a filter assembly having a venous port, an 

arterial port and a filtrate port: 

a pump having a fluid chamber of predeter- 
mined volume, said chamber having an inlet and 
an outlet with said inlet connected for fluid commu- 

10 nication with said filtrate port; and 

control means operatively connected with said 
pump to alternatingly draw fluid from said filter into 
said chamber at a predetermined rate and empty 
fluid from said chamber through said outlet. 

75 2. A system according to Claim 1 wherein said 

control means empties fluid from said chamber at a 
faster rate than said means draw fluid from said 
filter. 

3. A system according to Claim 1 or 2 further 
20 comprising a fluid collection device in fluid commu- 
nication with said outlet. 

4. A system according to Claim 1 , 2 or 3 
further comprising a venous line connecting said 
filter to said patient. 

25 5. A system according to Claim 4 further com- 

prising a fluid source in fluid communication with 
said venous Hne. 

6. A system according to any preceding claim 
further comprising an arterial line connecting said 

30 filter to said patient. 

7. A system according to Claim 6 further com- 
prising a fluid source in fluid communication with 
said arterial line. 

8. A system according to any preceding claim 
35 wherein said filter is a hemofilter. 

9. A system according to Claim 1 wherein said 
filter is a plasmapheresis filter. _^ . 

10. A method for withdrawing fluid at a pre- 
determined volumetric rate which comprises the 

40 steps of: 

(a) establishing a fluid flow route from a first 
conduit to a second conduit which comprises a 
filter assembly having a first port, a second port 
and a filtrate port: 

46 (b) withdrawing filtered fluid from the filtrate 

port of said filter assembly into a pump having a 
fluid chamber of predetermined volume said cham- 
ber formed with an inlet and an outlet with said 
inlet in fluid communication with said filtrate port; 

so and 

(c) operating a control means connected with 
said pump to alternatingly draw fluid from said filter 
into said chamber at a predetermined rate and 
emptying fluid from said chamber through said 
55 outlet. 
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